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Hydroxvalk yi Starch nr.. ,, r.^;^^ 
MCKGROUND OF THE IN.'VFK.T.r.K. 



-Tier ,0, such bio.osica^ / L f ' ->«'"""- 
J nu jong term persistence in the body. 

combinations, the drug rem^i.c drug-pojymer 

^e„.s... 7;:::: ™ r; 

tions is that the activitv of tK - drug-polymer combina- 

single dose ThI. n„, ' " '"'"inislerec) In a 

«e ve„ desirable Thl . " """""""^ """ 
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Since i.s release ^c^:, riTH' ""^ 

s„cb d!;, aret ' °' 



0019403 



lowering the actual dose requirements. Another reason that the toxicity 
may be lower is that a drug which might otherwise undergo undesirabJe 
reactions In the body, such as precipitation, complex formation, reaction or 
degradation, will be prevented or inhibited from such reactions as a result 
oi the polymer-drug combination. 

Specific polymers which have been'eraployed as drug carriers are 
dextran, which is a polysaccharide obtained by the fermentation of sucrose, 
and various synthetic polymers such as vinyl polymers, polyacrylates and 
poJyamides. Examples of drug-polymer complexes employing dextran are 
disclosed by Herb, 3. R., U.S. Patent 2,885,393, May 5, 1959 and London, 
E., et al., U.S. Patent Re. 2((,6<»2, April 28, 1959. Polymer drug compJexes 
are described generally in an article published in Chemical Week . April 26, 
1978, page <(5. The following United States patents also describe combina- 
tions between polymers and various active components: 

3,608,063 3,998,97^ 
3,629,392 ' <(,003,990 
3,966,902 <i,035,<»79 
3,998,620 

To be useful as a drug carrier, a polymer must be capable of 
forming a bond or complex with the drug. This capability is dependent on 
the reactive bonding sites on the drug, and also on the bonding ability of 
the polymer. In the case of a polymer-drug combination in which the drug 
Is released from the polymer in vivo, the drug and polymer should be 
connected by a labile bond. In the case of a combination in which the drug 
remains on the polymer in wfo, the drug-polymer bond must be relatively 
stable and must not appreciably interfere with the drug activity. The 
polymer must itself also be substantially non-toxic. Advantageously, the 
polymer can be modified so that the rate of release of the drug component 
or its ip vivo activity can be accurately controlled. A disadvantage of 
several of the polymers which have been investigated for this purpose is 
^that they persist in the body. .That is, after the drug groups have been 
released, the polymers are not easily excreted or metabolized to harmless 
components. Such polymers may, therefore, act as cumulative poisons in 
the body and defeat their desired function. 

Generally, with some exceptions, the use of polymeric drug 
carriers has heretofore been limited to formulations for oral or topical 
administration. The toxic effects and the degree of long term persistence 
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cf the poly.-.:.- i. body are much more significant in parenteral 
ciC.T.injstraxio.-., 1he ooivmr-^ *«r . H-renierai 

«ex.ra„ has Jeer, p;„ : ; ; """" ^'">»"8h 

fo„„rt ,„ k reactions, 1„ particular, dextran has been 

<o^d ,c he antigenic and i.s use has caused anaphylaxis in pat.ents. 

be easiiv ntodT?''' " ' "" ' ""'^ ""-'^ can 

a -oTleTo , • ° """"" "'"^ -'"^ '"^"""V 

a "sC: ,r:!::,:rr'"";r''''^"' - --'^ 

components. " " 



SUMMARY OF THE lNVFK'Tir.N. 
.Cive compound to an 1^11. '^ministration o. a hioiosica,,, 

c..i, acti.e compound an;::;;:z';2cr"'^'"'"- 

BHA1LED_DE5CRIPTIQK- nF T»P Fr'Tinf 

■ Mroxya,:: s::::thi:rr \e*: °' " = 

-CH,.,S M Hershenson, H., er:., u 3.7.?;: 3 l.'Tr T 
incorporated herein by rejerence Th. T f ' "• "™' 

hydroxyethy. starch ich is " 1 ^'^ - 
ethylene oxide ,„ ! 1 '^^ """"^i"! ""y starch with 

etnyiene oxide 10 a predetermined substitution level and ,h.„ 1, - , ■ 
the etherilied starch to a desired viscosity range ' '"""^ 

= P.asma?:pa"rre 77 '"^ " 

particularlv suited , ! 

•Thus afi«.r tK^ . term persistence, 

inus, alter the polymer has served its function i, • 

~ or ™ .om the body, result^: T:^^ 

.-f.:rt— ^^^^^ 

or biologically active compound has been released in Zi^;: 2 
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eflect thereof has been realized, the polymer is substantially metabolized 
or excreted. Side effects resulting from the use of the drug carrier are 
thereby minimized. 

The period of prolongation of the activity of the active com- 
ponent is somewhat dependent on the degree of persistence of the polymer. 
This degree of persistence can, in turn, be controlled by varying the level 
ol substitution of the polymer as described by Hershenson, et el., supra. 
The greater the degree of substitution, the slower will be the rate of starch 
hydrolysis in vivo, if the active component is effective while bound to the 
polymer or to polymer subunits, higher degrees of substitution will prolong 
such effectiveness by increasing the degree of persistence of the polymer. 
H shorter action is desired, the degree of substitution can be reduced, 
resulting in more rapid hydrolysis of the. polymer and thus more rapid 
release of the active component. If the active compound is bound to the 
polymer by a labile bond, the rate of release of such compound into a body 
fluid is dependent both upon the level of substitution of the .polymeric 
carrier and upon the strength of the labile bond in vivo. 

The preferred level ol substitution for the hydroxyalkyj starch 
will vary, depending upon the particular active component for which the 
polymer is a carrier, the rate of release or prolongation of activity which is 
desired, upon the manner of administration. The level will generally fall in 
the range of from about 0.1 to 3 for oral administration and from 0.1 to 1 
for parenteral administration. The preferred range of the level of 
substitution is from about 1 to 3 for oral administration and from about O.U 
10 0.8 for parenteral administration. 

It should be recognized that the hydrolysis of hydroxyalkyl starch 
is accomplished in the body largely by enzyme action, e.g. by the action of 
amylase. Thus, the degree of persistence of the polymer is increased as 
substituent groups thereon are added. As indicated, the level of substitu- 
tion with hydroxyethyl groups may advantageously be used to control the 
degree of persistence, but substitution with the biologically active 
component can also affect the susceptability of the polymer to enzyme 
action, and thus determine the degree of persistence. In an extreme case, 
the level of substitution of the polymer may be very low. approaching zero, 
but because of the presence of active compound on the polymer, the degree 
of persistence is in the desired .range. Because of the effect of the active 
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compound subs,„».„, „„ ,^ „, 

h.uW b, ,^ ^^^^ ^ ^^^^^^^^^ 

jndjviduaJ case. 

The moiecular weigh, «f hydroxyalkyi starch al» afjecis its 
P.™ I„ the body and the av.iiahi.it, o, the active co^p^em. The 
n»,e uia, we.gh, can te cont.oiied by ,egUati„g the degree acid 

, 'T,'" ^' ~" 

trafon the molecular weight o, the poly^r is advantageously between 
about .000 a„d 500.000. pre,erab,y between ,0,000 and 'oO.OOO. High 
ntoiecuiar wetghts are usuaiiy e.pioyed ,„r ora, or topica, adn,inis,ra io„ 
and ge^raliy range from about ,0.000 to about 2;000.000 and are preier- 
abiy ,„ a range oj iron, about 200,000 to «50,000. 

tha, . 1" 'be presem invention, it has been discovered 

sustained reJease or deJayed relea^P a. ■ "'anner, e.g. 

release sh^ll w . '^"^ controlled 

release shall include the actual release nf iko , 

. . release cl the active compound into the 

^y over a period o. t,.e, and sha,i a,so inciude a proionga oVo 

' K - — a"- "Sb it regain 

bound ,o the po,y„.„ic carrier o, Iraction thereo,. S J bioill 1 

act^ components can be combined with the poiyner dire«Iy . ^ 

compJexation or other means. 

Hydroxyalky, s,arch, being a substituted polysaccharide has a 

T"' *'™"^' ^-*n^<^ V 

c^npou ds. Such bonding is not «.i,ed. however, to reactions with the 

hydroxy, groups. This bonding can be . direct reaction between the acti e 

component and the polymer. Por instance. „ the active component K , 

carboxy .c acd tunciona, group, it can react directly or indirectly wl a 

hy roxy, group on the hydroxyalKyl starch to ,orm an ester. T^ e 

release the ac.ve compound. In addition to being reacted directly with the 
polymer. ,he active compound can be bound to the polymer through^ 
*"V.,.,e. For .x».ple. ,oll„^„g schemes may be employed, wht R 
■s an appropriately selected derlvatizing agent: 
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Scheme I 

Polymer •» R ^ PoJymer - R 

Drug 4 r' > Drug - r' 



PoJymer - R 4 Drug . r' ^ PoJymer - R - r' - Drug 

Scheme U 

PoJymer 4 R ^ Polymer - R 

PoJymer - R + Drug ). PoJymer - R - Drug 

Scheme III 

Drug ■» R y Drug - R 

Drug - R 4 PoJymer — > Drug - R - PoJymer 

In each of the above schemes, the derivatizing agents are 
carefuIJy seJected so that the drug or an active drug derivative wilj be 
released in vivo, or the activity of the drug wiJi be maintained while it is 
bound to the polymer. A fourth scheme involves the reaction of a drug 
precursor (Drugp) with a derivative, foJJowed by reaction with the hydroxy. 
aJkyJ starch poJymer. Upon reaction in vivo, the active drug is reJeased. 
This scheme is represented beJow. . 

Drugp 4 R ^ Drugp-R 

I>rugp - R ■» Polymer > Drugp - R - Polymer . 

in vivo 

Drugp^- R -Polymer ^ Drug 

Derivatizing agents useful for producing compositions of this 
invention include substantialJy any non-toxic compound which wiJl link the 
active compound to the polymer. PoJyfunctionaJ organic compounds are 
•useful lor this purpose. Through the above-described reaction schemes, a 
wide variety of biologically active compounds can be combined with 
hydrox;ralkyl starch to form controlled release formulations. 

Specific examples of useful modifications to hydroxyalkyl starch 
are listed below (HES Indicates hydroxyethyl starch). For convenience, ihe 
reaction involving only one or two hexose units of the hydroxyethyl starch 
is indicated. 
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.rotein. '^^'°^^"»^>'' ^^^^rch derivatives can be reacted with 

P te,ns soch as the .ntivira, agent interferon, peptides such as the 
enkephalins, and amino acids. ' 

::::: .;:r::rr 

i"o 5't:nejme WO-R represents the drug): 



OK- 



CHj.-CH-CH,-OR 



''^S BF-EtO OH 
i-Hg CH CHj-OR -HES-O-CHg-CH-CH^-On 



such „ h,7'"", ">^'«" ""OidS 
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A. STARCH -f CH^-CH-Br 



CH^OH 



H/f \h " ^ I 

and K N Br 



H OCH-CHp-OH 



Br 



a HtS i HBr - 



CHj,OH CH^Br CH.OH 



H OCH^pMH OCH^CK^h' CCHCKBr 



(^.) Drugs, having alky] halide functions, such as The antineoplastic 

agents chJorambuciJ and cyclophosphamide 

chlorambucil cyclophosphcmide 



can react with hydroxyethyl starch directly by the following reaction: 



DMSO 

{HE5)-0H n-lrw * o DMSNo* 

' UM t Cl 'CKj. — R — — ^--^ HES-0-(CH2)„-B 
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(5) 



Grienard'""""'.' ^>'''-''y«hyJ starch can be used as a precursor , or a 



cfher 

HE5-Br + Mg ^ KES-MgBr 

O R' 
HES-MgBr + R-C- K' "-HES-C-OH 




<« Drugs such as chloramphenicol coottlni,^ tha . NH . c CH r. 



O OMSO^ o 

(HES) - OH + R-N.- C - CHg 01 lHES)-OCHg-C-NHB 



asen dados" ,^ ch,or,„.,.., a.s. su,.aca,.„l.e a„. ,ha .„,i„.,arlal 
u«OD5 , . j,,^^,^, ^ _ di,minodiphan,lsullor»). 
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(7) Active compounds having carboxylic acid functjona) groups cen be 

convened to acyl haJides by reaction with thionyj chJorjde. For instance, 
chlorambucil can react as follows: 

^NfV (CH,)3 COOH N-f y(CHj.COCa 



' Acyl haJjdes can, in turn, react with hydroxyethyj starth as 
foJJows (E * Cl^ represents J,2*djchJoroethane): 



o 0 

II F Cl^ . _ " 



(HES}-OH t R - C-C7 LLEIl^ (HLS^- O- C -R 



pyrid ine 
60-C 



(8) Drugs having alkyj halide groups such as the antineopjastic agent 
pipobroman can react to form isocyanates which can react with 
hydroxyethyj starch. 



0 y — . o 
Br CH^CH-C - N " C -CH^CH^Br 

pipDbromon 



60'C 



(9) Anhydrides can read with hydroxyethyj starch in the loJIowing 
rnanner: 
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0 o 

\, u C H -^(HES)-O-C-Rf (HESl-O-C-R' 



be reacted w,th acet.c anhydride to ,or. a mixed anhydride which, in urn. 
can be so reacted with hydroxyethyj starch. 

(10) A wide variety of drogs have amine lunctlonaj groups. Included in 
.xh,s group are amphetamines and dopamine. • ciuaed ,n 




CHgCHgNH^ 



Hy*o.y«h„ s,„ch be p.,«a,ly oxidized « W ^dehydic c«„,„^d, 
«h.ch r«ic. .,.h such antoe gr„,ps to„ s„„ compooj. 




0019403 



- 12 . 

another useluJ oxidation reaction is: 



• CHJDH 

HES 4 HIO^ -oXhhX + HIO3 + H2O 

6 6 



The reaction of aJdehydic hydroxyethyl starch with an amine-containing 
10 drug is represented as follows: 

0 

(KES)-C-H ^ HgN-ORUG HtS- CH = N-Dfug 



15 Certain drugs can be derlvatized to contain amine groups which can react 
with aldehydic hydroxyethyl starch by this scherne. 

The method of the present invention is particularly advantageous 
for administering iron to a patient. The requirements of the body for iron 
and its therapeutic and prophylactic uses are well documented. Iron salts 
are generally not administered orally lor therapeutic purposes becauses 
they are poorly absorbed or because they sometimes cause disturbances in 
the alimentary tract. Therefore, iron is preferably administered parenter- 
ally, generally by intravenous iniection. Solutions of iron salts are not 
usually injected directly because they are toxic. A particular problem is 
25 that acidic iron forms insoluble precipitates at physiological pH. To 
overcome these problems, physiologically compatible iron cornplexes have 
been, developed for parenteral administration. Such complexes have 
included saccharated iron, complexes of iron with dextrans or dextrins, and 
complexes of iron with a water swellable polymer. Examples of the latter 
complexes are described in U.S. Patent 2,885,393, May 5, 1959, and 
Canadian Patent 991,5<i(r. 

It has been found that the method of the present invention may be 
advantageously employed for the administration of iron. Citric acid has a 
stabilizing effect on the iron and prevents precipitate formation during the 
35 reaction. The iron may be bound to the hydroxyalkyl starch through a 
citric acid derivative, but the exact structure of the iron-polymer 



20 



30 
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»n .„n. «,d ,s co..i„e. .Mh ,„ „„eo>,s o< hydro.,.,.,, „„^, 

The s„,„,.o„ ,dv.nu,„.„ c,.M„ed and ,he p„ „ „,„d ..^ 

iron ■„ ■'""-""'"""•^'O" «-ch co„.po„„ds o. ,h,s i„v„.i„„ prowde 
compounds can be continuous,, o, repeated,, adm,„,s,e,ed o.er pr^ l'^ 

.ion K >" .ccordance wi.K ,he presen, ,„„„. 

"de" P=-,e,.,„ o, ,op,c„,. T Tow 

order o, ^ ^vj persistence „, the hydrox,a,k„ starch carrier is „, cowse 

tion.1 drug-pojymer combination may be added conven- 

tional pharmaceutical excioients P^r 2 . 

p^n^r.n excjpients. For instance, intravenous solutions 

generally contain electrolytes and nH „■ solutions 

...;..a, conditions o/os jr;!::::- It ^sir 

n«, .,so contain «„rien,s, su.h as giucose and an„n„ acids as wel, Z 
o her ac„.e co,„po,„ds. Ora, ,or.o,atio« ,r,a, contain con«„,C 

.he drug p.„„.r combination .„ . ,i,„id or contpounds ,or ,orn,L Z 
o^b^tion .„to ..h,ets „ caps„,es. Methods ,or ,orn,u,aU„, drug e 

, I tedT : ''"""""'^^ '"e present in.en.ion s not 

Jjmited to particular lormulations. 

Thus, described herein are novel combinations ol hydroxyalkvJ 

:^::itn^i::?""^ ^^^^ ----^^ - ^ - 

trat.on. Such combmat.ons are characterized by a low Jong term persis 
xence o, the Hydroxyal.y, starch in the body and by controlLd 3 i 
the actjye compound in vivo. release oi 

is not int^ H " "'-trated by the following examples, but 

is nol intended to be Jimited thereby. ^ , ui 
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EXAMPLE I 

This Example demonstrates the preparation oS an iron- 
hydroxyethyJ starch combination. 

HydroxyethyJ starch (prepared by the procedure described in 
Example II oi U.S. Patent 3,523,938, and further acid hydrolyzed to a 
molecular weight of (i5,000), 80 g, was dissolved in water to yield ^^00 mJ, 
oi a 20% w/v solution (Solution I). Ferric chloride (FeCJj ' SH^O), 125 g, 
was dissolved in water to yield 250 mi. of a 50% w/v solution (Solution II), 
Solution I was heated to 60° C with stirring, and Solution II was heated to 
40-60 C with stirring. Solution !l was slowly added to Solution I with 
stirring. After addition was complete, granular citric acid, 53.5 g, was 
slowly added to the mixture "with stirring, and the resulting solution was 
stirred at 60° C for an additional 20 minutes then allowed to cool to room 
temperature. A 20% aqueous solution of NH^OH was prepared (Solution 111) 
and slowly added with stirring to the iron-hydroxyethyl starch-ciiric acid 
solution until the pH reached 10.4. The solution was then heated to 50° C 
and stirred for 20 minutes, cooled to room temperature and filtered 
through a 0.8 p filter. The solution was purified by overnight dialysis 
against distilled water, and was concentrated to 1100 ml. by vacuum 
distillation. The iron-polymer combination was precipitated by combining 
the concentrated solution with 8 liters of acetone. The resulting precipi- 
tate was collected by filtration and washed several times with acetone. 
The precipitate was dried at 80° C in vacuo , yielding 91 grams of dry 
product having an iron content of 22,7 by weight. 

EXAMPLE II 

The product from Example 1 was used lor the preparation of an 
injection solution. The dry product (50 g) was dissolved in warm (50° C) 
sterile water (J 00 ml.) by adding the powder slowly to the warm water with 
stirring. The solution was brought to 175 nil. by the addition of 1.58 g of 
•NaCI and sterile water. The solution was then filtered through a 0.22 p 
filler and placed in 30 ml. vials. The vials were sterilized for 15 minutes 
at 250 F and the solution had an iron concentration of 50.5 mg/ml. 



EXAMPLE 111 

The experiment of Example I was repeated in all essential details 
except that following dialysis and concentration of the solution, the iron- 
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d..c„ded, .„d procedure ,ep„,ed. A.,=r ,he «co„<, w,sh ,h. 

ThE oH «,« .1, * '°><n">" <•! citric .cid. 

The pH was then adjuiled to 8.1 wiih «N NH OH ,r.„ .k , ■ 

dilmed to 600 ml. with wa,.r T- ■ . ' 

^ r "on-hydroxyethyl March was reprecipi- 

T """" - ' »<- o, S0« ace,„„e. The resZ' 

The CO,, ^^^^^^ ^ .^^ 

=ce,o„e d„„„, ,i,„a,i„„ and was ..ied as described ,„ E,an,p,e . 



15 
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25 
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EXAMPLE IV 

A dry preparation of iron-hydr^yethvl st^rr-h «. 
JolJows: Hydroxyethvl sx^rrh in " Prepared as 

Ferric chlor de (Pec ^0) ' ''' '^"''"^ ^ 

solution with St rr nJ'and the f' "' ''''' " '^'"^^"^^^ "^^^^ 
st.rr.ng, and the resulting solution was heated to 50° r f or i . 

rotary evaporation .H i ^^J';""- — centrated 
no^K: J • ' concentrated solution uaii 

-rch. The rU"i'„,': r^T."::"" " 

precipnate was then dried in a vacuum oven at 90^ C . T 
•9.8 E of dry product. ^ overnight to yield 

EXAMPLE V 

except thlMheT- ' ""'"^ 

yZ;r to a loiTr'' -"""^^ •» 

•/uluiysis to a molecular welehi of 10 nnn xk . . 

eigm oi 10,000. The solution was purified by 



0019403 



-16- 

ultrafiltration through a 1000 molecular weight cut off filter to remove 
free Ions. The dialysis step was excluded from the procedure. The 
experiment yielded 80 g of dry product containing 25.^% iron by weight. 

EXAMPLE VI 

This example describes the preparation of a hydroxyethyl starch- 
insulin combinaljon in accordance with the present invention. 
Hydroxyethyl starch (J g) in 25 mJ. ol water is added to a well stirred 
mixture of CNBr (200 mg) in 100 ml. of water. The pH is maintained at 1 1 
by the addition of 2N NaOH. The activation reaction is continued for 10 
minutes and 20 mg of insulin in 20 ml. of 1 M sodium bicarbonate are then 
rapidly added, lowering the pH. The solution is then stirred overnight in an 
ultrafiltration cell equipped with an appropriate membrane. .The solution is. 
then concentrated and washed with 6 Molal guanidine hydrochloride. When 
no further free insulin is .detected migrating through the membrane, the 
composition is thoroughly washed with water and concentrated to a final 
volume of 60-«0 ml. The experiment should yield a hydroxyethyl starch, 
insulin combination useful for the controlled release administration ol 
insulin. . - 

EXAMPLE VII 

The experiment of Example VI is repeated in all essential details, 
except a mixture of amino acids is substituted for insulin. The experiment 
should yield a hydroxyethyl starch-amino acids combination useful for the 
controlled release administration of amino acids. 

EXAMPLE Vlll 

The experiment of Example VII is repeated in all essential details 
except enkephalin (peptide) is substituted for insulin. The experiment 
should yield a hydroxyethyl starch-enkephalin combination useful for the 
controlled release administration of enkephalin. 

EXAMPLE IX 

The experiment of Example I is repeated in all essential details 
except hydroxypropyl starch is spbstituted for hydroxyethyl starch. The 
experiment should yield an iron-hydroxyprbpyl starch combination. 



- 17 - 



0019403 



CLAIMS 



A composition of matter for- *v 
release administration of a -"trolled 
to an animal, comnris • ^"°^°S--lly active compound 

5 Mologicaixy actrvl co ' ^^^^^^^^^^ 

actxve compound and hydroxyalkyi stax-ch. 

2. The composition of claim i 
biologically active ' ^^^^ein the 

.3. The compostiion ^ • 

The composition or 
l^ydroxyallcyl starch is hvdro ' °" 2, wherein the 

a.s hydroxyethyl starch. 

5. The composition of claim i 
biologically active compound is LoT " ' ^"^^^"'^ 



15 6. 



active com;ounVt?an anLT'"'""^^ ^ Molo.ically 
formulation, vhich " controlled release 

^•on. whxch comprises administeri^^ + 

20 occeptable dosage fom,. Ph'ruaoeutically 

7. m,e -ethod or cl.i„ 6, wh.rain the 
-y^o^oral,^! 3t.„h through . che^cel h„„d 

« «iiy active compound is a drug. 



9. The method of claim 6 or 7 , wherein the 

hydroxyalkyl starch is hydroxyethyl starch. 

« 

10. The method of claim 6 or 7, vherein the 
biologically active compound is iron. 



